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%0 Introduction
* Schedules prepared with no staging: build complete pixel
detector

* Meeting with Procurement Dept

» Assumes that preproduction and production for sensor, ROC, HDI,
and hybridization are linked; production 1s an option to produce more
based of satisfactory results from the preproduction

» Same vendors, no fresh round of bidding for production

= Schedule assumes that

» Money will be available in FY05 and FYO06 for these key purchases
(including labor).

» Find out that we also need to move faster on the substrates
procurement and fabrication

» Net result is about 11 months of float

= Methodology:
» Use detector READY-BY and NEED-BY date. Difference = Float
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Pixel Detector

WBS 1.2

Pixel Sensor bump-bonded to
Readout chip

Fine segmentation
» 50 um x 400 um
» Large number of channels

» Electronics in the active
tracking volume

» High power density (cooling
system)
Basic building block — Multichip
Module (MCM)

» Large number of HDI and flex
cables

Assemble modules on substrate to
form pixel half plane; an x-
measuring half-plane and a y-
measuring half-plane form a half-
station
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o Pixel Half-Station WBS1.2

PGS (Pyrolytic Graphite Sheet) flexible
thermal coupling a‘r’rached o copper'
tab LN2 heat sink

The temperature control
elements modulate the
temperature of
the substrate

TPG
(Thermal Pyrolytic Graphite)

Carbon fiber spacer

Pixel modules placed on both sides
of the TPG substrate
(active region: ~10 cm long)

Precision hole & slot washers

Carbon support half
cylinder (~1.26m long)

Carbon fiber bracket
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%0 Pixel Detector Assembly

Feed through
board (FTB)

Mechanical I.
pumping ports

e
Pixel stations
LHelLN2
Cold block -
i 2 g cryopump
assembly I [. |. [_._ |.

\{ Actuators
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o Pixel Schedule Overview WBS1.2

= Assumes that assembly of modules, half-plane (half stations) and half detector
assembly will be done at SIDET

= SIDET has unparalleled infrastructure (Wire bonding machine, CMMs, probe
stations, microscope, repair stations) and pool of experienced technical staff

= Significant expertise with carbon fiber at Lab 3 (carbon fiber support structure,
brackets, lamination of TPG) and cryogenics & vacuum system in PAB and
Mechanical Department

= Years of prototype experience and quite a few iterations of key components

* End point defined by Tevatron shutdown for FY09: 8/1/09 (was 6/1/09)

= Installation requires that pixel be ready by: 8/17/09 (was 5/4/09)

= Pixel installation has to occur before forward tracker; Pixel is critical path item

= Schedule estimate based on communication with vendor, prototype experiences
and engineering estimates based on other similar projects. It does not skip any
steps (prototype, preproduction, production); but production design cycle
shortened (contingency increased to cover any added labor cost if needed)

= Preproduction precedes production and assumes that we don’t have to go
through any bidding process; production is a continuation of the preproduction

= Schedule contains no explicit slack; task duration reflect nominal need for task
completion
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Key Milestones (old vs new)

for installation
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Milestone Old (CD1) date New (post-CD1) date
PO for production Feb 2006 Oct 2005
Sensors

PO for production July 2006 Nov 2005
pixel readout chips

PO for detector Feb 2007 April 2006
hybridization

Final detector Nov 2007 March 2007
assembly started

All pixel detectors March 2008 Oct 2007
delivered & tested

Pixel modules May 2008 Dec 2007
completed

Pixel detector ready | Feb 2009 Sept 2008
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%@ Critical Path Analysis WBS 1.2

= Detector need-by date: August 17, 2009

= Scheduled completion date: September 18, 2008 giving a total float of
229 working days

= Pixel Detector will be installed as one piece (vessel with stations inside)

= Pixel Detector has many components but the critical path is the making
the pixel modules, placing them on a substrate (half-plane and half-
station), and assemble the half-stations into the two half-detectors. This 1s
a sequence of assembly and testing steps. Because we have 1380 modules
in total, the duration of the each sequence 1s long (10 months or more). To
keep this tight schedule,

» A lot of staggering in the activities

» Place the orders early (sensor, ROC, hybridization)

» Multiple paths/vendors

» Sustain the flow of parts and have more than one assembly/test line/shift

» Engage qualified vendors early in QA and throughput discussion
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Critical Path Gantt Chart

WBS1.2

ﬂ | | F05 F 06 Fvar FY05 F0s
WEBS Activity Desc. Early Start | Total FI
21|22 (2304 |G |Q2 (23 (24 |1 |Q2 (23 (04 [0 |32 (23 (34 (21 (22 (23 (24
1.2.2.0.7 PRC Production - FMAL 028ugs  |162d _
1.2.1.3.1 Production Sensars - FNAL 100ct05 20d |_
1.2.1.3.1.3.5 T2M: Release funds for Production pixel sensors 20ctds 260d h
1.2.21.7.8.3 T2M: Release fund for production pixel ROC ¥2Hovw(5 263d *
1.2.1.3.1.4.2.2 Receive first batch of Production Sensars 19.Janié 261d |
1.2.1.6 Hybridization & Testing of Production Detectors 24)anlé 245d [
1.2.2.1.7.9 Tah: Receive all FPIX wafers 26 Jandé 275d *
1.2.1.6.1.2.2 T2M:Release funds for production pixel detector bybridization DGApPriG 245d *
1.2.4.1.4 PM Production Units - FMAL 02Mayé 239 I
1.2.2.1.7.14 Taht: Production PRC completely tested 02 Jundé Td *
1.2.1.6.1.2.7.2 TaM: first ot of pixel detectors delivered 13Seplté 3204 *r
1.2.4.1.4.8 Azsembly and Test of PM 020ctdG 23%d —
1.2.3.2.3.23 Tah: all substrates ready for module placement 1TOctdG 50Td h
1.2.1.3.1.6 T4m: Production senzors wafers completely delivered & tested  [310ctlé 394d *
1.2.4.3.6 Production pixel station assembly ¥2Howlé 23%d ]
1.2.4.3.6.2.9 T2M: Final pixel detector station assembly started 23IApr0T 239d *
1.2.4.4.3 Production pixel detector system azsembly 06 JuldT 2209d ]
1.2.1.6.1.2.8 T4m: Receive all Production pixel detectors 028ugdT  |2T2d *
1.2.1.6.5.3 Tamt: All Production pixel detectors delivered & tested 030ctOT 245d *
1241411 T20: Production Pixel Module Completed J0HowOT 2404 *
1.2.4.3.6.8 Tah: &l pixel stations assembled 17 Jan(3d 246d *
1.2.4.3.7.6 Tamd: &l pixel stations azsembled & tested 25Feb08 23%d *
1.2.4.4.8.11 TaM: Pixel detectar fully assembled & ready for Test 22 Julivg 22%d *
1.2.4.4.8.12 Testing of the assembled detector st SIDET 23 Julis 22%d o
1.2.7.1.2 T1M: Pixel System Testedd Ready for Installationl st C0 185epid 220d ‘
1.2.6.4.2.19 Lkdh: Installation Meed-kby date for Pixel detector 1TAugéd |0 *
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%0 Bump Bonding

The real critical path 1s bump-bonding. We have not had a
large enough contract with any vendor to certify the
automation of the flip-chip assembly process ->
importance of preproduction and doing this early

In the CDI1 review, reviewer made the following
comments:
» Schedule was too aggressive

» Time from start of bump bonding to all detectors tested should be
~ 18 months ( we had 13 months)

» Time from start of bump bonding to completion of detector ~ 2.5
years (we had 2 years)

» Recommended to find ways to gain 6 months
» We have done this by placing the contracts early (sensor, ROC,
and hybridization)

Robustness checks
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Schedule Robustness

WBS1.2

* Schedule contingency

» Placed before key milestones or activities

» Nominally zero duration

» Can change duration to check robustness of schedule

Mdilestone INMormal Sensor ECnZ Hyvbridization Fizel module
schedule delivery | procurement delivery assemblvitesting
(&0 (+=0d) 10043 +a0d)
PO for Pixel sensor 10521505 1 nc nc nc
PO for RO 11752005 nc 12/15/05 nc nc
PO for hvbridization a6 nc F 2 0 nc nc
Sensor wafers 10/214506 /29007 10/21506 nc 10/214506
cotmpletely
delivered & tested
Feceive all sBr2007 nc Sr2000°7 127526507 Sf200°7
hvbridized pixel
modules from
wvendor
Fixel assembly 423007 nc SA107 FA2RAT Af2300°7
started
Pizel modules 1251507 nc 12710007 21108 21403
completed
A1 pazel stations 22508 nc 2M0E SI29003 SI2ME
assembled & tested
Pizxel detector I1EME nc nc 12/10/08 11712508
EEADTY for
installation
|
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%0 Schedule Robustness WBS1.2
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%0 Pixel Construction Cost WBS 1.2
Activity |Activity Mame  [Base Cost ||Material Labar Total Cost [Total Total Total Total Total  |[Total
IO by Contingency [[Contingency |§) Fy0a FY & Fyay FY 08 Fy04  |Fy0&09
(%) (%)
1.21 [[3ensors and 2244 262 47 32 3,291,349 604,896 2 494 553 148,532 2 968 Off 3,251,344
Fiel Detector
Hyhiridiz ation
122 |PeelDetector | 4,180,018 £y 29[ 6,741,872 T40,583)1,774,960(1,060,524(2 165,400 af 5,741,872
Electronics
1.23 [Mechanical 4 551,504 4 38| 6,438 443 361 4222391 7T48(2 342 364(1,343,004 0 6438543
Cooling and
Yacuum
Sy stem
124 (System 3 68T 917 48 7( 6,272 247 386,273 961 807(2 389,874(1, 207 973 [326,219| 5,272 247
Integration &
Testing
125 |Piel Detector 7949 673 23 18 94458682 189949 192 976 190 706 190 706 [181 625 945 962
Subproject
lananement
1.2|Subproject 1.2 (15,363,375 43 39 (21,649,97 32, 283,124 ?.8'Iﬁ.ﬂ45||ﬁ.'l32.ﬂ'lﬂ 4,910,051 [507.844] 21,649,973

For comparison:
CD1 cost: base — $15.46M, Contingency: $6.19M Total $21.65M
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Cost Comparison with CD1

WBS1.2

Cost (k$)

Total Construction Cost Comparison

ocD1
B Post-CD1
0O Cost profile

25000
20000
15000 -
10000 -
5000 -
0 l |_i_|
2005 2006 2007 2008 2009 Total
ocD1 1832 6112 7951 5180 570 21645
B Post-CD1 2283 7816 6133 4910 508 21650
O Cost profile 1800 6450 7420 5030 1100 21800

Fiscal Year
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%g Responses to CD1 recommendations WBS1.2

= Develop more conservative schedule with significant more float (> 6
months)

» We have followed their recommendation. By moving a few procurements
forward and move back the detector need-by date, we have achieved a
float of about 11 months.

= Evaluating options for relaxing the funding profile constraints to
achieve a more conservative approach

» DONE
= Evaluate schedule and performance impact of staging options

» While we believe that the experiment will work with an efficiency of
about 60% with say % of the pixel stations, to complete the installation of
the other half of the pixel detector will lead to a long shutdown, estimated
to be about 6 months or longer and with considerable risk to the forward
tracking stations (which need to be removed first before the pixel vacuum
vessel can be taken out). After careful consideration, we think that it’s
better to assign resources to guarantee the completion of the pixel detector
on schedule and not pursue the staging option.
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